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ABSTRACT

A program was initiated to develop a radio-controlled fighter aircraft to be used for

supermaneuverability and agility flight research. High angle-of-attack flight testing is a high-

risk and very expensive endeavor in manned aircraft, and wind tunnel testing to duplicate

dynamic maneuvers is extremely difficult. Another means to conduct agility flight research

in a low-cost, low-risk environment has been sought. Construction of a scaled generic Navy

fighter model, to be powered by ducted-fan engines and controlled by radio command, was

begun. Also, it was deemed essential to incorporate an emergency recovery system in the

aircraft, should control be lost due to radio component failure, primary flight system

malfunction, or departure from controlled flight. A parachute recovery system was designed,

constructed, and tested for structural integrity, opening shock dampening, rapid deployment,

and desired rate of descent. Work will continue, leading to flight testing of forebody

modifications for enhanced control at high angles of attack.
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I. INTRODUCTION

"Now launch the Alert-15 Panther, now launch the Alert-15 Panther".

Hal had just finished the mission brief and was in the chow line catching a quick bite

to eat when the announcement came over the ship P.A. system. He instinctively left his tray

and remarked "Gotta run, that's me".

He dashed up one flight of stairs, inboard two hatches, punched the door combination

with one smooth, rehearsed motion and slipped into the secured, darkened compartment.

Hal glanced over at the two men at the console and gave them a thumbs-up, then

stepped into the dome. Another sailor passed him his knee-board and headset and closed

the hatch behind him.

As Hal settled into the full size cockpit, he methodically flipped on the master video

switch and numerous other cockpit systems. The dome brightened as the flight deck came

to full visual life through miniature CCD video chips integrated into the aircraft and

transmitted via secure data linked to the dome.

Out of his peripheral, Hal suddenly sensed motion as two "brown shirt" flight deck

personnel manually towed the 1501b R-21 RPV forward of the #4 wire. The special crew

dressed in green flight deck jerseys were off to the right, preparing to start and final the

aircraft.

"Panther-21, radio check"

"Loud and clear, ready to start", Hal replied.

"Roger"
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The special crew became giants to Hal in the cockpit as they hovered over the RPV.

The engine instruments came to life. A rapid but thorough scan of the instruments, followed

by take-off checks, resulted in all systems go, so Hal toggled the green light to his crew and

catapult officer. He also glanced at his 6-o'clock and mentally noted the A-6E Intruder

taxiing onto the catapult launch shuttle, laden with radio beacon homing missiles.

With the turn-up siqnal, Hal advanced the throttles, checked the engine instuments

and flight controls, then looked out for the launch signal from the catapult officer. On signal,

Hal released the brakes and started the 150ft deck roll. 25-knots, 30-knots, rotate, 35-

knots, positive climb, gear-up, flaps up. Nine minutes !qd passed since Hal had been i,

the lunch line.

After the T/O checks were completed, Hal checked in (via the internal ship

communication network) witn Strike for a hot vector. The R-21 climbed to 500ft AGL,

accelerated to Mach 0.9 and refined tie heading. Within minutes, Hal could make out the

ingress point on the beach. Ho eased down to 150ft AGL on the miniature laser altimeter.

Once feet dry, Hal masterfully hugged the terrain, using the dips and gullies to mask

his arrival. As the R-21 popped over the crest of the ridge, Hal pushed over a negative 6

g's in order to avoid gaining altitude. Once stabilized again, he flipped on the Master Arm

and readied the radio beacon equipped darts.

At 1 1-o'clock, five miles, was the dense and heavily armed enemy garrison. Although

the SAM systems, radar controlled AAA and even IR homing missiles would be ineffective

against the miniature, fast, and primarily composite R-21, Hal still preferred the element of

surprise. His mission was to locate and designate the ',.obile command headquarters for

a stand-off A-6E attack. The mission would be risky and challenging.
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After passing over almost the entire garrison, he spied the van t his right 4-o'clock

behind a clump of trees, one mile. The R-21 rapidly banked and pulled 20 g's and Hal

centered the van in his HUD. He prepared for the level, close-in, manual delivery of the two

seven pound darts. Steady, pickle, pull.

"Red-eye, Red-eye"

The BN in the A-6E had already started to receive the radio beacon, and on signal,

released the weapons. The two missiles accelerated and refined the track on the signal and

within 58 seconds the command truck was hit by the high explosive ordinance.

Meanwhile, deep within the carrier, the Admiral and his staff monitored the numercus

video displays, receiving a real-time duplicate of Hal's visual displays. They noted enemy

size, location and composition. And they all waited in anticipation for Panther 21's BDA fly-

over of the command van.

Hal turned back toward the garrison and observed the weapons impact. Nice shot!

But now the element of surprise was no longer on his side. A hand-launched IR missile

passed by his port side, having lost the faint IR signal. A few gunners tried their hand at

"duck hunting" with manual AAA fire. Hal concentrated on the task at hand, and the close

fly-by confirmed a direct hit of the command headquarters. The staff back at the carrier

smiled with approval. Then the Admiral quickly gave the command; "Launch the strike

package".

The egress and return to the carrier was uneventful, and all that was left for Hal to

complete of the mission was the carrier landing. With a 35-knot landing speed, and 20

knots over the angle deck, Hal flew a visual approach and easily landed between the round-

down and one wire.
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After taxiing clear, he checked to ensure his crew were In position, then secured the

engines. The crew effortlessly hand parked the RPV, followed by refueling and an

ordinance reload. The R-21 had used 3.2 lbs gallons of fuel.

Mission Summary: 1.1 hour flight, two cheap beacon darts and two inexpensive

beacon homing missiles expended, heavy hostile fire drawn with no casualties, real time

enemy intelligence made available to the Battlegroup Commander, and no friendly lives

jeopardized. Plus, from a flight deck manager standpoint, there was minimal impact on the

present aircraft carrier configuration and operation. Overall, the mission was very

successful.

The intent of introducing this thesis with the above scenario was to motivate interest

in the potential advantages of unmanned aircraft in support of manned aircraft combat

missions. Currently, there are several non-lethal unmanned air vehicle (UAV) programs, but

very limited progress has been realized in utilizing UAVs in lethal missions as a force

multiplier.

With state of the art technology, the above futuristic scenario is both conceivable and

achievable. UAVs should be used to support manned aircraft tactical missions, particularly

when the threat environment is very hostile and the risk of losing a pilot and an expensive

aircraft is too high. Also, with the technological advances in equipment, composites, and

structural design, the g-limited man-in-the-loop can become the limiting factor. Certainly,

having the cognitive thinking ability of a human at the controls in the aircraft cannot be

replaced, but there are times when the risks are too high. Therefore, lethal UAVs should

have a place in our overall national defense arsenal.
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It is not the intent or within the capabilities of the academic atmosphere at the Naval

Postgraduate School to develop and test strike UAVs. However, the field of research UAVs

s,"are many of the same concepts and advantages of potential strike UAVs. Development

of flight test methods and instrumentation best suited for research UAVs, as well as studying

the application of full-scale tactics and technologies to high-performance UAVs, will lead to

an understanding of the advantages to be gained by such a strike UAV as described.

Therefore, the emphasis of this thesis is on the research vehicle.

5



I. BACKGROUND

A. DEFINIONS

It is beneficial at this point to define some key terminology. There has been a notable

lack of consistency in this field as it has evolved among authors and activities in using

certain terms. For example, what was at one time called a Remotely Piloted Vehicle (RPV)

may more accurately have been called a drone. Therefore, for clarity, the following

definitions will be followed throughout this text:

• UAV - Unmanned Air Vehicle. As the name implies, a human is not physically inside
of the vehicle which is operated in the medium of the earth's atmosphere. A UAV can
be remotely piloted, pre-programmed, operated autonomously, or a combination of

" RPV - Remotely Piloted Vehicle. A vehicle which is operated by a pilot from a remote
station. RPVs can include underwater, ground, or air vehicles.

" Drone - An unmanned air vehicle which is pre-programmed to conduct a specified
mission.

B. HISTORY

The use of UAVs dates back as far as 1917 when the Navy contracted Glenn

Hammond Curtiss to build an aerial torpedo [Ref. 1:p. 40]. The first true UAV

was flown on 3 September 1924 by the British as a target drone. Further developments of

UAVs for target drones followed. By the end of World War II, the United States had

purchased nearly 14,000 target drone UAVs for the Army and Navy [Ref. 1 :p.41].

Although interest dropped in UAVs after the war, three incidents occurred where

pilots/crew on surveillance missions were downed, which rekindled the interest. By 1965,

it was estimated that over 3435 UAV sorties had been flown in Southeast Asia, used in
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"photo reconnaissance, electronic intelligence gathering, bomb damage assessment,

psychological warfare and electronic warfare" [Ref. 1 :p. 41]. The use of UAVs obviously

negated the possibility of loss of the pilot through capture or death.

More recently, the Israelis integrated UAVs with manned aircraft in tactical combat in

the early 1970's in the Arab-Israeli War [Ref. 1 :p. 41] and in the Bekaa Valley -.nflict of

1982 [Ref. 2:p. 24]. One use was to overload the enemy air defense. Also,

UAVs which were able to electronically mimic tactical aircraft were sent in, triggering the

Syrians to launch SAMs, thereby giving away the site locations, firing parameters and the

surface-to-air missile envelopes to high flying reconnaissance aircraft. This method also

enabled manned strike aircraft to follow and destroy the enemy air defense. The UAVs

were also used for near-real-time reconnaissance through optical and electrical sensor

information sent back via digital data link. It was realized-that the UAVs were "virtually

immune" to hostile fire due to their small size and low IR signature [Ref. 1:p. 41]. UAVs

allowed for manned aircraft to remain clear of the modern air defense

[Ref. 3:p. 1.1].

Parker also hypothesized that during the U.S.- Lebanon engagement in 1984 that the

gun fire would have been more effective had RPVs been used to spot hits. And had the

gun fire been more effective, the use of manned strike aircraft could have been avoided as

well as the resulting downed aircraft [Ref. 1 :p. 43].

Therefore, although UAV developments have not been as spirited and robust as

manned aircraft advancements, history has shown a definite interest, value, and need for

UAVs in tactical operations. And as will be shown below, recent interest has also been

shown for the use of UAVs in aerodynamic research.
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C. PRESENT AND FUTURE APPLICATIONS

1. Present Applications

There are basically three separate UAV categories: Non-Lethal, Lethal, and

Research. For all three categories, there are several advantages of the use of UAVs over

manned aircraft which include no pilot risk, low cost, the use of less fuel, and no

requirement for environmental and emergency ejection systems. Additionally, UAVs in

tactical missions can fly over other nations with less risk of political ramifications, do not

require forward bases, and can reduce manpower losses [Ref. 4:p. 68].

There are numerous examples of UAV progra, ns currently in use or

developmen.JAiw-excllert sum .ry pro ided in International Defense Review for both

the European programs [R.f. 51 and the United States programs [Ref. 6]. -Ih

order to portray the level of current interest in the use of UAVs for tactical missions and

research, the following summary is provided, including some technical specifications (where

available).

a. European UA V Programs

(1). United Kingdom: In order to meet surveillance, target acquisition,

reconnaissance, artillery fire refinement and mine observation requirements, the following

UAVs are of interest to the British [Ref. 5:p. 449-457]:

" PHOENIX: 160kg gross weight, power by a 19kw two-cylinder, two-stroke engine.
Capable of 6h endurance and 50km range beyond the FEBA. Pneumatic catapult
launched. Real-time data link of thermal camera imagery. Composite construction.
On-board digital flight control computer capable of auto-navigation. Parachute
recovery. Can be fitted with synthetic aperture radar, laser designator, sub-munitions
dispenser and communfcation relay equipment.

" SPRITE: Helicopter design using counter-rotating rotors. Weighs 40kg and has 2h
endurance, 32 km radius of action. With laser altimeter, is useful for very close
observation of mines and BDA. Fiber optic data link. Has a low 0.3 square meter
radar cross section and has a very low visual and audible signature. Reconnaissance
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equipment options include a thermal imagery TV, CCD color TV or monochrome low
light TV.

RAVEN 200. Fixed wing design, powered by a 12hp two-stroke, two-cylinder engine.
Gross weight of 60kg with a 4h endurance and 40km radius of action. Bungee
catapult launched, parachute or skid landing recovery. Can carry day or night
sensors and transmit imagery.

(2). Federal Republic of Germany: Several reconnaissance and lethal

UAVs are being developed or used in Germany [Ref. 5 :p. 456]:

" Canadair/Domier CL-289: Built to replace the CL-89 for surveillance and target-
location tasks. Intends to use millimeter-wave sensors with real time data link to
improve all-weather capabilities and jam resistance. Is less detectable and should
have limited target classification capabilities.

* KZO/BREVEL: A real time reconnaissance drone in development.

" KD/-. An Army lethal combat UAV to be usei againstianks and armored artillery,
operated deep inside enemy territory. Design calls for autonomous search and
destroy capability.

* DAR. Similar to the Tacit Rainbow in concept, the lethal UAV DAR will be used to
combat and suppress enemy air defenses.

" GEAMOS/SEAMOS: A helicopter design with an onboard navigation system. 80km
radius of action. It is to be used for both maritime and battlefield reconnaissance and
surveillance.

(3). Italy: With the need for battlefield surveillance, target acquisition and

artillery fire control, Italy is currently developing four systems [Ref. 5:p. 453]:

* MIRACH 20: A miniature RPV equipped with an aerial TV or IR camera. Went into
operation in December 1988.

* MIRACH 26: To replace the MIRACH 20, fitted with more advanced onboard
equipment.

* MIRACH 100: Powered by a 115kg-thrust turbojet and has been in service since
1984. Used for medium to long range reconnaissance, as an ECM vehicle or a radar
decoy, and has a target drone variant.

* MIRACH 150: To upgrade the MIRACH 100 with the target surveillance and
acquisition sub-sy.tem SORAO.
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(4). France: With primarily surveillance mission requirements, France has

a specialized artillery regiment which uses the Canadair CL-89 drone, soon to be replaced

by the upgraded CL-289 and the Orchidee system. The two new systems will complement

each other. The Orchidee system uses a LCTAR doppler radar for all weather surveillance,

has a Zeiss reconnaissance camera and an IR line scanner. The data can be transmitted

for near-real time use.

Another system that is being developed with the Germans is the

BREVEL RPV for improved endurance and range which will be compatible with the Mirage

FICA reconnaissance aircraft and the CL-289 RIVIR stations [Ref. 5:p. 452].

(5). Switzerland: The Swiss have a need for border surveillance and they

are currently undergoing army troop trials with the RANGER UAV [Ref. 5:p. 457].

(6). Austria: Also with border surveillance requirements, the Austrian

Armed Forces is considering the DELTAPLAN. The DELTAPLAN is a 80kg vertical takeoff

RPV capable of carrying a 30kg payload with an endurance of 2h and radius of action of

180km. A main attraction is the radio controlled precision landing ability, allowing recovery

by hand [Ref. 5:p. 457].

European UAV Summary. The Europeans are aggressively developing

several UAVs which fall primarily in the 40-250kg (90-550 pound) range. Typical flight

regimes for surveillance/reconnaissance UAVs are in the low subsonic range, powered by

internal combustion, two-cycle, two-cylinder engines driving propellers. Based on the limited

published information on lethal UAVs, it appears small turbojets are required to meet the

high subsonic requirements.
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b. United States UAV Programs

Management of the UAV/RPV program was consolidated into one branch

of the Office of the Secretary of Defense (under the Department of the Navy) after the

cancellation of the Army/Lockheed MOM-1 05 AQUILA program in 1987. In order to eliminate

redundancy, the Joint Project Office (JPO) was established within the Naval Air Systems

Command (NAVAIR) as a coherent cross-service controlling agency for non-lethal UAVs

[Ref. 7:p. 17].

According to the UAV-JPO, there are four categories of nonlethal UAVs,

defined primarily by radius of action and mission endurance requirements

[Ref. 8:p. 4.4.3]:

0 Close Range (UAV-CR)

0 Short Range (UAV-SR)

a Medium Range (UAV-MR)

0 Endurance (UAV-E)

(1). Close Range UAVs: The Army and Marine Corps have a need for a

highly mobile system to provide "a view over the next hill", and the Navy has an interest in

a "crow's nest" for over-the-horizon capabilities. The specifications of this category of UAV

has not been formalized; however, typical systems should have an operational radius of

approximately 5-80km [Ref. 8:p. 4.4.3) and 1-6h loiter time [Ref. 9:p. 30]. The

Air Force is also interested in the close range systems to provide base security and damage

survey of friendly airfields after being attacked. The Canadair CL-227, ML Aviation SPRITE

and the Flight Refueling Ltd. RAVEN discussed above are under consideration for U.S.

close range needs [Ref. 6:p. 604].
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The AeroVironment Inc. POINTER is another close range option, which

is a 7.61b backpackable RPV. It is propelled by a battery driven electrical motor, has an 1 h

endurance and is equipped with a CCD video camera. The system was successfully field

tested by the Marine Corps in 1987 [Ref. 10:p. 17] and is currently undergoing

a wider review.

(2). Short Range UAVs: The design specifications for the short range

requirements were set by the UAV JPO as a 200km range beyond the forward line of our

own troops (FLOT) and a 5-12h loiter time. Mission requirements include target

designation, communications relay, jamming, weather survey, and gathering

nuclear/biological/chemical warfare data [Ref. 9:p. 31]. With the AQUILA program canceled,

the PIONEER and the developing SKY-EYE R4E-50 systems have been left to fill the short

A - range needs of the different services. The Leading Systems AMBtR endurance UAV is

also being considered for the short range competion [Ref. 6:p. 604].

The PIONEER is a 419 pound RPV, propelled by a 26 hp engine

driving a pusher propeller, and has a 5-7h endurance capability

[Ref. 11:p. 16]. While the system was under baseline deployment on the USS

Iowa and with Marine Corps RPV companies in 1987, high success rates of approximately

88% were achieved during the eight month deployment, while demonstrating "continuous

real-time reconnaissance, battlefield surveillance, over-the-horizon targeting, naval

gunfire/artillery spotting support and battle damage assessment within 100nm" [Ref. 3:p.

1.4]. The PIONEER is currently operational with the U.S. Navy and Marines and as of July

1989, had logged 2443 hr and 1316 flights. Most recently, among other missions in support

of the Joint Task Force Middle East, the PIONEER was used to hunt for mines in the

Persian Gulf, using the infrared sensor to detect algae on the mines [Ref. 12:p. 81].
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Israel Aircraft Industries is currently developing the IMPACT RPV as

an upgrade to the PIONEER, offering larger payload, longer endurance, and improved

reliability and survivability [Ref. 12:p. 49].

(3). Medium Range UAVs: Medium range UAVs will be required to have

a 150-700 km radius of action at high subsonic speeds in order to conduct timely high

quality reconnaissance imagery in support of strike operations against heavily defended

targets [Ref. 8:p. 4.4.3] and weather survey [Ref. 9:p. 31].

Known as the Joint Service Common Airframe Multiple Purpose

System (JSCAMPS), the medium range UAV program has awarded a contract to the

Teledyne Ryan Aeronautical Company for the MODEL 350 UAV. The MODEL 350 can be

air launched from attack or fighter aircraft, or be launched from the ground or ship via a

ramp. This UAV has a range of 700km beyond the FLOT and is power9d by a 9701b thrust I

turbojet engine. A parachute recovery system is used for landing. The *"ea.of the system -

is the U.S. Air Force Advanced Tactical Air Reconnaissance System (ATARS), which uses

a photoelectric focal plane array and high-rate digital recorder with the ability to transmit

real time reconnaissance data. The ATARS also has an electro-optic camera and infrared

line scanner [Ref. 6:p 599].

(4). Endurance UA Vs: With greater emphasis being placed on short range

and medium range UAVs, the endurance requirements have not yet been firmly established

by an RFP [Ref. 6:p. 604]. However, a radius of action below 300 km and a loiter capability

of up to 36h will be required for communication relays, reconnaissance, target location and

gathering weather/NBC data [Ref. 9:p. 31].

The AMBER high altitude/long endurance UAV is maturing. The 750

pound AMBER, powered by a liquid-cooled, four-stroke, four-cycle, 65hp pusher engine, can
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carry up to a 3001b payload and should carry an electro-optical surveillance system, a VHF-

UHF radio relay and ECM package [Ref. 13:p. 25]. Endurance tests have

shown that the AMBER UAV can remain airborne between 30-38 hours, dependent on

altitude. Efforts are being made to ensure maximum commonality with the PIONEER RPV

system [Ref. 3:p. 1.7]. Operational tests were scheduled for the fall of 1989 with the

Marines [Ref. 12:p. 84].

Another totally autonomous UAV called the CO/,JOR, which

incorporates state of the art structural (using an all-bonded composite airframe), propulsion,

aerodynamic, and flight control technologies, was flown for the first time in October of 1988.

Military applications including reconnaissance, surveillance, target acquisition, BDA, search

and rescue, and communications relay. Projected civil applications include drug interdiction,

border, highway, poweriR0, and.secVrity patrol, weather data. caection,' and TV and radio

relay. The CONDOR has a 200ft wingspan and an aspect ratio of 36.7

[Ref. 14:p. 36].

(5). Lethal UA Vs: Lethal UAVs do not fall under the management of the

JPO, but instead are considered as "missiles" [Ref. 6:p. 604], and are currently under the

control of the Joint Tactical Autonomous Weapons System Program Office at the

Aeronautical Systems Division at Wright-Patterson AFB [Ref. 15:p. 4].

The Northrop AGM-1 36 TACIT RAINBOW is an example of a lethal

UAV, designed as a loiterir i anti-radiation missile with the objective of cost-effective

saturation of enemy air defenses through harassment, confusion, and/or destruction [Ref.

15:p. 4]. The TOMAHAWK cruise missile is also, by definition, a UAV.

Development of lethal UAVs is still in infancy or at least the toddler

stage, and there is a great deal of potential for growth in this area. Several potential
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systems are being dOveloped by private industry. It must be noted that lethal UAVs are not

intended to replace manned aircraft, but instoad to enhance current capabilities or to serve

as a force multiplier [Ref. 16:p. 53].

Summary of U.S. UAV proarams. With the reorganization and management

directives established by Congress in 1987, the overall direction and funding for nonlethal

UAVs for the three branches of the armed forces should improve. Each service has specific

operational requirements for nonlethal UAVs and timely access to operational systems

should result [Ref. 8:p. 4.4.7].

As with the European systems, surveillance and reconnaissance vehicles

are typically propeller-driven unless high subsonic speeds are required, necessitating the

use of small turbojet engines. There are no lethal UAV systems currently in operation,

compareadto the few systems in Europe cited above.

c. Use of UAVs for Research -. .

There are numerous applications for the use of UAVs in research. As a

representative sample, the following current research UAV examples are provided.

At the NASA Langley Research Center, RPVs have been used to determine

departure and spin resistance characteristics using a 1/4th-scale radio-control model.

Various center of gravity locations and power settings were tested, with no risk to the pilot

(Ref. 17:p. 11.

Wind tunnels are very useful in aerodynamics, but there are critical scaling

parameters such as Mach number and Reynolds number which can not always be matched.

Also, there are dynamic limitations in wind tunnels. UAVs can be very useful in providing

an alternative method of gaining aerodynamic data useful for advanced aircraft design. For

example, NASA and the Air Force have used UAVs to validate advanced vehicle
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technologies in the Highly Maneuverable Aircraft Technology (HiMAT) program

[Ref. 18:p. 11.

It is speculated that UAV,: can be used to validate numerical methods,

hypersonic applications and Mach and Reynolds number matching for the next generation

of commercial transports [Ref. 19:p. 1].

Work has also been done on the improvement of airfoil sections to be used

on UAVs. It was shown that special airfoil seutions designed for lower Reynolds numbers

(between 3X105 to lX106) associated with many UAVs provided better performance than

full-size airfoils [Ref. 20:p. 1].

2. Future Applications

As technology continues to improve propulsion and structural systems, while the
tse, w e'h., and powerof iernc ornponrn.ts "h nU --

-vry 6 ght for UAV.. -Te Ollwng ideas oe pVaeas a rMpresentative sample of some

future applications and engineering challenges in the OA Vfiefd.

Smart UAVs are being considered, which could be equipped with artificial

intelligence and advanced sensors which would allow them to seek out targets, particularly

tactical mobile missiles, fire self-contained ordinance, and return [Ref. 4:p. 72.

A possible tactical scenario was discussed by Skrtic of the LTV Missiles and

Electronics Group [Ref. 2:p. 28]. He suggests 6-8 strike UAVs join up with a manned strike

aircraft equipped with a UAV controlling computer, and fly formation on the lead aircraft until

released for the attack into a hostile environment. The expendable yet accurate, agile UAVs

would be exposed to the enemy air defense at a fraction of the cost of even one manned

strike aircraft.
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Several aerospace companies are privately developing advanced UAVs in both

the nonlethal and lethal mission areas. One artist's conception is shown in Figure 1, being

carried from a F/A-18 [Ref. 21].

Figure 1 Artist's conception of a possible medium range UAV.

One of the current problems facing UAVs is the complications caused by

environmental factors such as smoke, haze, and moisture. Work is currently being done

at the MIT Lincoln Laboratory to shrink radar systems to as light as 100 pounds, enabling

them to be carried by UAVs, such as the AMBER [Ref. 22:p. 69]. Also, the

use of synthetic aperture radar in UAVs is being investigated. Both systems would require

an accurate inertial navigation system, and it is probable that future UAVs will use the

Global Positioning System [Ref. 22:p. 77].

Another inherent concern for UAVs in tactical scenarios is the threat of jamming,

of both the control signals and the data-linked information they are providing. Research has
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